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6WUXFWXUHV DQG FRPSRQHQWV SHUIRUP WKHLU LQWHQGHG SXUSRVH HJ FDUU\LQJ WKH ORDG UHWDLQLQJ SUHVVXUH HWF RQO\ ZLWKLQ LWV
IDLOXUH OLPLWV ([FHVVLYH GHIRUPDWLRQ RU IUDFWXUH FDQ OHDG WR IDLOXUH )UDFWXUH UHVXOWV XQGHU WKH DFWLRQ RI DSSOLHG VWUHVVHV DQG
VWUDLQV IURP WKH GHYHORSPHQWRI GDPDJH LQ WKH IRUPRIPLFURYRLGVRU FUDFNVZLWKLQ WKHPDWHULDO PDWUL[ ZKLFK LV FRQWLQXXP
ERG\ 7KHGDPDJHPRGHOVIRUHQJLQHHULQJPDWHULDOVVKRXOGLQFOXGHWKHIDLOXUHFULWHULDIRUWKHPLFURFUDFNVWRRLQRUGHUWRPDNH
UHDOLVWLF SUHGLFWLRQV RI IDLOXUH ,Q FUDFNHG ERGLHV WKH VWUHVV WULD[LDOLW\ LH WKH UDWLR RI K\GURVWDWLF VWUHVV WR HTXLYDOHQW VWUHVV
ZKLFKGHSHQGVRQWKHJHRPHWU\DQGLQSODQHGLPHQVLRQVRIWKHVSHFLPHQFRPSRQHQW KDV D VWURQJLQIOXHQFHRQWKH ORFDO VWUDLQ
QHDUWKHFUDFN DWIUDFWXUH7KXV DSSOLFDELOLW\RI WKHQHDUFUDFNWLS IDLOXUHFULWHULD WRFRPSRQHQWVGHSHQGVRQZKHWKHUWKHVHDUH
LQGHSHQGHQWRI WKH FRQVWUDLQWVWULD[LDOLW\ RUQRW7KHSUHVHQW FRQWLQXXPGDPDJHPHFKDQLFVPRGHOV IRU GXFWLOH IUDFWXUHGRQRW
FRQVLGHUWKHPLFURFUDFNVLQWKHGDPDJH]RQH$FRQWLQXXPPHFKDQLFVEDVHGIDLOXUHWKHRU\IRUPLFURFUDFNVLVSURSRVHGLQWKLV
SDSHU GUDZLQJ DQDORJ\ ZLWK PLFURFROXPQ EXFNOLQJ  7KH IDLOXUH OLPLW EDVHG RQ FUDFN SURSDJDWLRQ LV DUULYHG DW
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,WLVNQRZQWKDWIUDFWXUHWRXJKQHVV GHSHQGVRQ WKHGHJUHHRIORFDOFRQVWUDLQWWRSODVWLFIORZDORQJWKHWLSRIWKH
FUDFN&UDFNVLQYHU\WKLFNPHPEHUV H[SHULHQFH KLJKHUFRQVWUDLQWV FRPSDUHGWRWKRVH LQWKLQQHUPHPEHUVEHFDXVHRI
WKHJHRPHWU\+HQFH LIDFULWHULRQEDVHGRQFULWLFDO VWUHVVLVFRQVLGHUHGZLWKDSSURSULDWHFRQVWUDLQWVWKHDQDO\VLVRI
FUDFNIRUWKHVWUXFWXUDOLQWHJULW\ DVVHVVPHQW EHFRPHVPRUHUHDOLVWLF7KHEDVLVRIIUDFWXUHPHFKDQLFVLVWKDW RIDOO WKH
SRVVLEOHVWUHVVUDLVHUV WKHFUDFNLVWKHPRVWVHYHUH ZKLFKWDNHV WKHIRUPRIDQRWFKLQSODQHHODVWLFLW\7KLVFDQEH
VHHQPRVWFOHDUO\E\WDNLQJWKHVROXWLRQIRUDQHOOLSWLFDOKROHGLVWXUELQJDUHPRWHVWUHVVILHOGDQGVWXG\LQJWKHVWUHVV
FRQFHQWUDWLRQHIIHFWDVDIXQFWLRQRIWKHDVSHFWUDWLRRIWKHHOOLSVH :KHQWKHDVSHFWUDWLRLH WKHUDWLRRIWKHPDMRU
D[LVWRPLQRUD[LVIRUWKHHOOLSWLFDOYRLGV WHQGVWR]HURWKHPLFURYRLGLVWUHDWHGDV D PLFURFUDFN 7KHPLFURFUDFN
PD\EHDOLJQHGLQWKHGLUHFWLRQRUSHUSHQGLFXODUWRWKHD[LVRILQWHUHVW 7KHFUDFNWLSVWUHVVHVWHQGWRLQILQLW\DVWKH
UDGLXVRIFXUYDWXUHRIWKHHOOLSVHWHQGVWR]HUR
'HYHORSPHQW RI PDQ\ QHZ HQJLQHHULQJ PDWHULDOV ZLWK LQFUHDVLQJ WRXJKQHVV KDV OHG WR VLPXOWDQHRXV
GHYHORSPHQWVLQWKHWKHRULHVDQGPRGHOVIRUGHVFULELQJGXFWLOHIUDFWXUH 3XUHGXFWLOHIUDFWXUHLQPHWDOUHVXOWVIURP
QXFOHDWLRQ DQG JURZWK RI SRURVLWLHV LQ WKH IRUP RI YRLGV LQ WKH SODVWLF PDWUL[ 0DQ\ PRGHOV IRU SRURXV PHWDO
SODVWLFLW\ DQG GXFWLOH IUDFWXUH DUH DYDLODEOH LQ WKH OLWHUDWXUH ZKLFK GHDO ZLWK GLIIHUHQW DVSHFWV RI PLFURYRLG
QXFOHDWLRQDQGJURZWK >*XUVRQ*715LFH7UDFH\HWF@'HYHORSPHQWRIGDPDJH LVE\QXFOHDWLRQRIPLFURYRLGV





IURP IUDFWXUH VXUIDFH H[DPLQDWLRQ 9DULRXV PRGHOV ZHUH GHYHORSHG WR SUHGLFW IUDFWXUH LQ VSHFLPHQ OHYHO DQG
FRPSRQHQW OHYHO7KHHIIHFWRIWULD[LDOLW\)LJLVPRUHHYLGHQWZKHQFRQVLGHULQJWKH WUDQVIHUDELOLW\RIPDWHULDO
IUDFWXUHGDWD IURPVSHFLPHQ WRFRPSRQHQW OHYHO /LDR$EULHIGHVFULSWLRQRIVRPHRI WKHPRGHOVFXUUHQWO\
XVHGIRUGXFWLOHIUDFWXUHDQDO\VLVRIFRPSRQHQWVLVJLYHQEHORZIRUWKHSXUSRVHRIFRPSOHWHQHVV
)LJ7ULD[LDOLW\RQWKHFRPSRQHQW*.66(
*XUVRQ0RGHO >*XUVRQ   &KDQJ<DQ	<LX:LQJ0DL  1DKVKRQ	+XWFKLQVRQ 
5HLV@
$VDQH[WHQVLRQRIYRQ0LVHVFULWHULD *XUVRQ¶VPRGHO ZDVSURSRVHG WRUHSUHVHQWWKHFRQWULEXWLRQ RI YRLGV IUDFWLRQ
LQWKHPDWHULDOZLWK\LHOGFRQGLWLRQDV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DQG ı+  NNV

ZKHUH 6LM ıLM  ı+įLM LVWKHVWUHVVGHYLDWRU
7KH UDWHRIFKDQJHRI YRLGIUDFWLRQUHVXOWVIURPYRLGQXFOHDWLRQDVZHOODVWKHJURZWKRIH[LVWLQJYRLGV DQGLVJLYHQ
DV




NNJURZWK 'II    
ZKHUH SNN' LVWKHSODVWLFSDUWRIWKHGHIRUPDWLRQUDWHWHQVRU '$SODVWLFVWUDLQFRQWUROOHGQXFOHDWLRQDW VPDOOVHFRQG
SKDVH SDUWLFOHV SPQXFOHDWLRQ $I H   ZKHUH $ LV D IXQFWLRQ RI WKH PDWUL[ SODVWLF VWUDLQ  9RLG QXFOHDWLRQ LV


























ZKHUH IQ UHSUHVHQWVWKHYROXPHIUDFWLRQRIXQLIRUPO\GLVWULEXWHGVPDOOSDUWLFOHV HQ DQG 6Q DUHWKHPHDQQXFOHDWLRQ
VWUDLQDQGVWDQGDUGGHYLDWLRQUHVSHFWLYHO\7KHKDUGHQLQJUXOHRIWKHPDWHULDO H[WUDSRODWHGIURPXQLD[LDOWHQVLOHWHVW
LVXVHG LQ *XUVRQ¶VHTXDWLRQLV
  QSP\ . HV  
ZKHUH QKDUGHQLQJH[SRQHQWDQG . DFRQVWDQW DUHPDWHULDOGHSHQGHQW
/HPDLWUH'DPDJHPRGHO>/HPDLWUH 'KDUHWDO@





ZKHUH ¨$ LVDQLQILQLWHVLPDODUHDDURXQGWKHSRLQWLQVRPHSODQHDQG ¨$9 LVWKHDUHDRIWKHYRLGWUDFHVFRQWDLQHGLQ
¨$ LQ WKH SODQH 2EYLRXVO\ ' WDNHV D YDOXH EHWZHHQ  IRU XQGDPDJHG PDWHULDO DQG   IRU IXOO\ GDPDJHG



























































+HUH ( LV<RXQJ¶VPRGXOXV Ȟ LV3RLVVRQ¶VUDWLR ıP LVWKHPHDQSDUWRIWKH&DXFK\VWUHVVWHQVRU ıLM DQG ıHT LVWKH
HTXLYDOHQWVWUHVVUHODWHGWRWKHGHYLDWRULFSDUW LMV E\WKHUHODWLRQ




LMLMHT VVV  




) )ıLM 5')'<S' 
ZKHUH ) LV WKH SODVWLF SRWHQWLDO DVVRFLDWHG ZLWK \LHOGLQJ DQG )' LV GXH WR GDPDJH 5 LV WKH KDUGHQLQJ VWUHVV



















































ZKHUH Į LVDPDWHULDOFRQVWDQWWDNHQWREHLQWKHRULJLQDOPRGHO DQG SHTH LVWKHHTXLYDOHQWSODVWLFVWUDLQ
V
V] P 
ZKHUH ıP LV WKH K\GURVWDWLF VWUHVV DQG ı LV WKH \LHOG VWUHVV >5RXVVHOLHU* @7R WDNH LQWR DFFRXQW WKH VWUDLQ
KDUGHQLQJRIWKHPDWHULDO\LHOGVWUHVV PD\EH UHSODFHGE\ WKHDFWXDOIORZVWUHVVıHT
0HFKDQLVPRIIUDFWXUH
)UDFWXUHUHJLPHLQWHQVLOHWHVWFXUYH
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XOWLPDWHWHQVLOHVWUHQJWKDQGXQLIRUPXVHIXOHORQJDWLRQ(QJLQHHULQJ VWUHVVVWUDLQFXUYHVIURPXQLD[LDOWHQVLOHWHVWV
RQPDWHULDOV$DQG%ZLWKGLIIHUHQWGHJUHHVRIYRLGJURZWKDQGPLFURFUDFNDUHVKRZQVFKHPDWLFDOO\)LJ7KH
IDVWHU GDPDJH DFFXPXODWLRQZLWK UHODWLYHO\ OHVV VWUDLQ LQPDWHULDO $ FRPSDUHG WRPDWHULDO % LV LQGLFDWHG E\ WKH
VPDOOHUH[WHQWRIGDPDJH]RQH3RVWWHVWH[DPLQDWLRQRIWKHIUDFWXUHVXUIDFHIHDWXUHVFDQSURYLGHDQLGHDDERXWWKH
PHFKDQLVPV RI GDPDJH GHYHORSPHQW WKRXJK WKH VHTXHQFH LQ ZKLFK GLIIHUHQW HYHQWV WRRN SODFH FDQ QRW EH
XQHTXLYRFDOO\HVWDEOLVKHG
7\SLFDOH[DPSOHVRI IUDFWRJUDSKV IURPD661 ZHOG VKRZLQJGLIIHUHQWPLFURPHFKDQLVPVRI IUDFWXUHDUH
SUHVHQWHG LQ )LJ  ,W PD\ EH REVHUYHG WKDW LQ DGGLWLRQ WR GLPSOHV DVVRFLDWHG ZLWK PLFURYRLG JURZWK DQG
FRDOHVFHQFH WKHUH DUH ORFDO EULWWOH ]RQHVZLWKPLFURFUDFNVZKLFK FDQ VLJQLILFDQWO\ FKDQJH WKH IDLOXUH FRQGLWLRQ
7KXVWRWUHDWWKHSUHVHQFHRIVXFKEULWWOHPLFURFUDFNVWKHUHLVDQHHGWRLQFRUSRUDWHDORFDOEULWWOHIUDFWXUHFULWHULRQ
LQ WKHGDPDJHHYROXWLRQ PRGHOV LQRUGHUWRDUULYHDWUHDOLVWLFDIDLOXUHFRQGLWLRQ
,Q WKH PRGHOV GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ WKH GLUHFWLRQ RI FUDFN SURSDJDWLRQ LV LQIOXHQFHG E\ VL]H DQG
VSDWLDOGLVWULEXWLRQRIWKHYRLGQXFOHDWLQJSDUWLFOHVDQGYRLGVDUHWUHDWHGDVSRUHVZLWKVPRRWKVXUIDFHZLWKRXWDQ\
VKDUSFRUQHUV+RZHYHUDVLVFOHDUIURPWKHGLVFXVVLRQDERYHLQHQJLQHHULQJPDWHULDOVWKHPDWUL[PD\DOVRFRQWDLQ
SODWH OLNH SRURVLWLHV LQLWLDWLQJ IURP VHFRQG SKDVH SDUWLFOHV DQGRUPLFUR FUDFNV VXFK DV WKRVHZKLFK IRUP GXH WR
FUDFNLQJRIWKHSDUWLFOHRUEULWWOHJUDLQERXQGDU\FUDFNZKLFKDUHVKDUSVWUHVV UDLVHUV )RUH[DPSOHVLQFRPSRQHQWV













DVQRQOLQHDUHODVWLFZLWK D GDPDJHFRQWULEXWLRQ LQFRUSRUDWHG LQ WKHPDWHULDOFRQVWDQWV ,QRUGHUWRLQFRUSRUDWHWKH
HIIHFWVRIJURZWKRIVXFKPLFURFUDFNVRQGDPDJHHYROXWLRQDQDSSURSULDWHIDLOXUHFRQGLWLRQLVSURSRVHGLQGLUHFW
DQDORJ\ ZLWK FROXPQ EXFNOLQJ ,W LV SURSRVHG WKDW WKH PLFUR FUDFNV VSUHDG XQGHU WKH DFWLRQ RI WKH FRPSUHVVLYH
FRPSRQHQW RI WKH GHYLDWRULF VWUHVV ZKLFK H[FHHGV D FULWLFDO YDOXH )LJ  7KH FULWLFDO VWUHVV DQG WKH SUREDEOH
GLUHFWLRQRIORFDOPLFURFUDFNSURSDJDWLRQDUH GHFLGHGE\WKHJHRPHWU\RIWKHPLFURFUDFN DQG WKHVWLIIQHVVRIWKH
VXUURXQGLQJ PDWHULDO PDWUL[ DV FKDUDFWHUL]HG E\ WZLQ FROXPQ LQVWDELOLW\ 7KXV GDPDJH JURZWK PHFKDQLVP LV D
FRPELQDWLRQ RI YRLG HQODUJHPHQW VKHDU ORFDOL]DWLRQ DQGPLFURFUDFN EXFNOLQJ DV SURSRVHG ZLWK YDU\LQJ GHJUHH
EDVHGRQWKHKHWHURJHQHLW\RIWKHPDWHULDO
7KHLQGLYLGXDOFRPSRQHQWVRIWKHVWUHVVWHQVRU DUH DW OLEHUW\WRDVVXPHYDOXHVWKDWVXLW WKHFKRVHQ V\VWHP 7KH
VWUHVVWHQVRUKDVK\GURVWDWLFDQGGHYLDWRULFFRPSRQHQWVZKLFKFDQEHVHSDUDWHG,WLVSURSRVHG WKDWWKHFRPSUHVVLYH
SDUWRIWKHFRPSRQHQWVRIWKHGHYLDWRULFWHQVRUFDQFUHDWHFUDFNH[WHQVLRQEDVHGRQWKHFULWLFDOVWUHVVIRUWKHPLFUR
FUDFNH[WHQVLRQ,QSODVWLFPDWHULDOWKHIDLOXUH \LHOG FULWHULRQLV GHULYHGIURPWKHVHFRQGLQYDULDQWRIWKHGHYLDWRULF
VWUHVVWHQVRUFDOOHGWKHYRQ0LVHV\LHOGFULWHULRQLQOLQHZLWKWKLVPLFURFUDFNFULWHULDLVEDVHGRQ WKH QDWXUHRIWKH
QRUPDO GHYLDWRU RI WKH VWUHVV WHQVRU DV H[SODLQHG 7KH VWUHVV WHQVRU EDVLFDOO\ FRPSULVHV K\GURVWDWLF WHQVLOH RU
FRPSUHVVLYHFRPSRQHQWVKHDUDQGGHYLDWRULFWHQVLOHRUFRPSUHVVLYHFRPSRQHQWV
)LJ  LOOXVWUDWHV WKH PHFKDQLVP RI IUDFWXUH EDVHG RQ PLFUR FUDFN DQG PLFUR YRLGV ZLWK FRUUHVSRQGLQJ
SUHGRPLQDQWFRPSRQHQWVRI WKHGULYLQJVWUHVV WHQVRU ,Q WKLVDSSURDFK WKHHIIHFWRIFRPSUHVVLYHGHYLDWRULF VWUHVV
WHQVRULVWUHDWHG EDVHGRQWKHFULWLFDOORDGDVXVHGLQEXFNOLQJRIFROXPQ7KHFROXPQEXFNOHVWRUHOHDVHWKHHODVWLF
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([SHULPHQWDO GHWDLOV
$VHQYLVDJHGWRGHPRQVWUDWHWKHHIIHFWRI GHYLDWRULFVWUHVVLQSURSDJDWLQJWKHEULWWOHW\SHFUDFNLQWKHPDWHULDOD
ELFROXPQ W\SH FRPSUHVVLRQ WHVW ZDV FRQGXFWHG  $ VSHFLPHQ LQ WKH IRUP RI D GRXEOH FROXPQ LV ORDGHG LQ
FRPSUHVVLRQ SURJUHVVLYHO\ WLOO FUDFN SURSDJDWLRQ OHDGV WR IDLOXUH RI WKH VSHFLPHQ )LJ  7KHPDWHULDO XVHG IRU
PDQXIDFWXUHRIVSHFLPHQIRUWKHFRPSUHVVLRQWHVWZDVGXFWLOHFDVWLURQ7KH<RXQJ¶VPRGXOXV( u 03D
ZLWKURRPWHPSHUDWXUH\LHOGDQGXOWLPDWHVWUHQJWKDV03DDQG03DUHVSHFWLYHO\7KHGXFWLOLW\RIWKHFDVW
LURQ PDWHULDO LV  RQ HORQJDWLRQ 9DULRXV FRPSUHVVLRQ VSHFLPHQV DV JLYHQ LQ WKH 7DEOH  ZHUH WHVWHG 7KH
FRPSUHVVLRQWHVWVZHUHFDUULHGRXWLQDN1VHUYRK\GURDXOLFWHVWLQJPDFKLQHLQGLVSODFHPHQWFRQWURODWDUDWHRI
PPPLQ
&RQVLGHULQJWKHFURVVVHFWLRQDODUHDRIHDFKFROXPQ $ D EWKHDUHDPRPHQWRIFURVVVHFWLRQLV ,  DE 7KH
UDGLXVRIJ\UDWLRQLVJLYHQE\




3FU  Qʌ(,/ 
7KH-RKQVRQ¶VSDUDEROLFIRUPXODLV
3FU  $ı\>V\ Q ʌ(/N@ 
,Q HTV  DQG  WKH YDOXH RI Q FDQ YDU\ IURP WR GHSHQGLQJ RQ WKH HQG FRQGLWLRQ RI WKH FROXPQ7KH
EXFNOLQJORDGVSUHVHQWHGLQ7DEOHDUHFDOFXODWHGXVLQJ Q  ZKLFKFRUUHVSRQGVWRIL[HGHQGVWRJHWDPD[LPXP
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RI WKH DFWXDO VSHFLPHQV DUH SUHVHQWHG LQ )LJ  7KH FUDFNV LQ WKHVH VSHFLPHQV SURSDJDWHG WRZDUGV WKH ORFDWLRQV








PLFURFUDFN HQODUJHPHQW 7KH FROXPQ LQVWDELOLW\ SKHQRPHQRQ LV GHPRQVWUDWHG DV D GDPDJHPRGH LQPLFURFUDFN
HQODUJHPHQWLQEULWWOHPDWHULDOVXFKDVGXFWLOHFDVWLURQ
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